. ment has been determined such that a quiescent plasma together with a uniform plasma density profile across the extraction plane can be obtained.
Introduction
Multictlsp plasma generators are capable of producing large volumes of 12 . 1 2 uniform and quiescent plasma with densities exceeding 10 10ns/c.c.'
For this reason, there has been a grow1ng interest in applying such devices [3] [4] [5] [6] as ion sources for neutral beam injection systems and for particle 7 8 acce ler ators . ' In this paper, a new scheme is presented which can provide the same effect as a permanent magnet filter. It is shown that if the filament cathodes are properly placed inside the dipole fields generated by the permanent magnet rows on the end flange of a multicusp source, the H+ 10n fraction in the extracted beam can be enhanced. This "rod less" filter arrangement produces a uniform plasma density profile at the extraction plane and maintains the quiescence of the source plasma. It is also found that the 30% drop in the extractable ion current density can be partially recovered by installing negatively biased electrodes on some of the line- Two stainless steel electrodes (1 cm wide by 10 cm long) are installed just above the surface of the two center magnet rows as shown in Fig. 1 .
By applying a negative bias potential equal to or greater than the discharge voltage, the primary electrons will be reflected electrostatically at these two line-cusps.
During normal operation the hydrogen pressure outside the source was maintained at 1 x 10-4 Torr as measured by an ionization gauge. The actual pressure inside the source was approximately an order of magnitude higher.
Plasma parameters and the density profile in front of the plasma grid were
obtained by a movable Langmuir probe.
To extract positive ions, the source chamber was biased at approximately +300 V with respect to ground. The plasma grid was left floating electrically and the second and third grids were connected to ground. A 12 compact magnetic-deflection mass spectrometer located just downstream from the extractor was used to measure the hydrogen 10n species distribut ion of the extracted beam.
Experimental Results
The source was first operated with the hair-pin filament located When the filament position d is varied from 11 to 6 cm, the data 1n As the filament is moved further towards the end flange, there is a slight decrease in the H+ 10n percentage in the extracted beam (Fig. 4(a) ).
At d = 3.9 cm, the ion current density has decreased by about 40% (Fig. 4 (c)), and the plasma noise level increases. According to Fig. 3 , the density fluctuation is nearly four times as large as that with the filament located at the source center. Asimilarresult has also been observed by Hershkowitz et al. It is difficult to obtain more than 7 A of discharge current when the filament is located at the source center. But the same filament can provide 10 A of discharge current if it is placed at d = 4. 75 cm. Since the discharge voltage is kept constant, the increased emission may arise from the increased plasma density near the filament region. This in turn will produce a thinner sheath around the filament wire. Consequently, a higher electron current can be extracted from the filament surface according to Child's Law.
14 At this filament position, the H; ion fraction is about thirty percentage points + lower while the H ion concentration is about ten percentage points higher.
The extractable ion current density is approximately 10 mA/cm 2 for IA = 10 A.
These results are similar to those obtained with an optimized permanent f "l 10 magnet 1 ter.
An attempt has also been made to increase the source efficiency by installing two strip electrodes just above the surface of the two center magnet rows on the end flange. When the filament is located at d = 4" 7S em, the erosion marks on these electrodes (when operated at the anode potential) t indicate that the primary electrons are lost mainly to these two linecusps. By biasing these electrodes at a potential equal to or greater than the discharge voltage, the primaries are reflected electrostatically at the two ends of the flux tubes. As a result, they are able to perform more ionization and dissociation processes, in a manner similar to the reflexarc discharge.
The effect of applying a negative bias potential Vb on these electrodes with respect to the chamber wall can be seen from the probe characteristics shown in Fig. 8 . With Vb = -90 V, the plasma density increases by approximately 14% and the density fluctuation level even decreases slightly. The + spectrometer output signal in Fig. 2(c) shows that the H ~on percentage has increased from 27 to 29%. Thus, this arrangement recovers part of the loss in source efficiency when the filament is moved from lIto 4.75 cm without generating any additional perturbation to the source plasma.
We have also tested a multiple filament arrangement by installing four shorter hair-pin tungsten filaments in between two rings of magnets on the end flange. A higher discharge current and therefore higher plasma density canthus be obtained. The results are similar to the single filament configuration. At the optimum filament position ( with integrated magnetic flux~ 117 G-cm) , the H+ ion species fraction increases to 43% with IA = 20 A. . .
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